INTRODUCTION
Lignocellulose biomass is nowadays recognized as a potential sustainable source of sugars for fermentation with the aim to produce liquid fuel -ethanol. Among wide spectrum of hydrolyzing enzymes that can be utilized for conversion of biomass to sugars cellulolytic enzymes are considered as the most important because of a high content of cellulose in lignocellulose materials. Cellulases are actually a multi-enzyme complex of three different enzymes -exoglucanase, endoglucanase, and beta-glucosidase, which act synergistically for complete hydrolysis of cellulose. Because it catalyzes hydrolysis of cellobiose, an intermediate of cellulose hydrolysis with inhibitory effect, beta-glucosidase is the enzyme that limits the rate of the overall reaction. That is why beta-glucosidase is recognized as the key enzyme component of the cellulolytic complex involved in sugarenzyme platform for fuel ethanol production from lignocellulose biomass (1) .
However, alterations of biomass structural characteristics are necessary to enhance its susceptibility to enzymatic hydrolysis, and hence release of fermentable sugars (2) , which can be achieved through different pretreatment procedures (3) . Hydrothermal pretreatment offers several advantages over the other ones such as minimal chemical use, ability to handle large amounts of biomass, reduced production of biological inhibitors, etc. (4).
Every particular pretreatment procedure results in a substrate having specific physical and chemical structural features, which in turn affects release of sugars by cellulases action (2) . So, for every obtained pretreated substrate many factors that may influence efficiency of hydrolysis, such as substrate and enzyme loadings, enzyme adsorption, presence of inhibitors, etc. have to be taken into consideration (5) . Among them, enzyme loading is recognized as one of the most prominent factor because of the contribution of enzyme costs to the economics of lignocellulose ethanol (5) (6) (7) . This especially refers to beta-glucosidase as it is known that commonly used commercial cellulases (predominantly of fungal origin) lack this enzyme, so supplemental activity has to be added (1, 8) .
The aim of the research was to determine the effect of beta-glucosidase loading on the yield of cellulose hydrolysis using hydrothermally pretreated sugar beet shreds. Considering the fact that concentration of sugars released from the substrate, as well as their inhibitory effect on cellulose hydrolysis, depends on substrate loading (9) the effect of beta-glucosidase supplementation was investigated at different loadings of pretreated sugar beet shreds.
EXPERIMENTAL

Lignocellulose material
Dry sugar beet shreds were kind gift from A.D. Sugar factory "Šajkaška", Žabalj, Serbia. A first step in preparing material for experimental usage was its milling on a Miag laboratory cone mill. Sieving was performed on the Bühler laboratory sifter, model MLU-300 (Uzwil, Switzerland) using the entire milled stock. Samples were sieved and part of the stock having particles in the range 224 -400 μm was subjected to pretreatment.
Hydrothermal pretreatment of lignocellulose material
Hydrothermal pretreatment of sugar beet shreds was conducted in 3%, (w/v) aqueous suspension in a laboratory autoclave at 2.2 bar for 20 minutes. After cooling, the suspension was filtered through laboratory filter paper Macherey-Nagel MN 651/120 and washed with distilled water until filtrate did not contain reducing sugars, determined by DNS method (10).
Enzymatic hydrolysis
The untreated and hydrothermally pretreated solid materials were subjected to enzymatic hydrolysis by cellulases cocktail from Trichoderma reesei (Celluclast 1.5L, Novozyme), supplemented by beta-glucosidase from NS22118 (Cellulosic ethanol enzyme kit, Novozyme). Enzyme activity of Celluclast 1.5L was determined to be 100 FPU/mL, while FPU was defined as the amount of enzyme which released 2 mg of reducing sugars from 50 mg of Whatman No.1 filter paper in 1 h under the standard conditions of hydro- Original scientific paper 3 lysis (11). The enzyme activity of NS22118 was measured as 560 U/mL, with one unit (U) of beta-glucosidase activity defined as the amount of enzymes which liberated 1 mmol p-nitrophenol from 4-nitrophenyl-β-D-glucopyranoside per minute under the assay conditions (12) . Solids load in the reaction mixture was 4.5% (w/w), 5.5% (w/w) or 6.5% (w/w), while equal cellulases cocktail dosage, 20 FPU/g, was supplemented by 0.25 U/g or 0.5 U/g beta-glucosidase or not supplemented at all. The enzymes dosages are expressed per gram of substrates dry matter. The enzymatic hydrolysis was performed at the pH 4.7 (50 mM acetate buffer) and 45 °C for 24 h. After that, the reaction was stopped by enzyme inactivation by heating, followed by solid/liquid separation and determination of reducing sugars in the liquid fraction.
Water retention value
Water retention value (WRV), which represents mass of water that can be retained by a substrate, was calculated using the data for mass of dry substrate (m dry ) and mass of substrate with retained water (m wet ) according to the following equation:
The mass of the substrate with retained water was determined by soaking of the substrate in distilled water for 3 h, followed by centrifuging at 1000×g for 15 min and measurement of wet material mass (13) .
Analytical methods
Dry matter (DM) of substrates was determined by drying materials to constant mass. Concentration of reducing sugars released by enzymatic hydrolysis of the substrates was determined by DNS method (10) with glucose as standard. After removal of noncellulosic components by digestion of lignocellulose materials with a mixture of acetic and nitric acid, followed by washing steps, cellulose content in the substrates was determined according to (14) .
RESULTS AND DISCUSSION
Characteristics of the hydrothermally pretreated substrate
Sugar beet shreds were subjected to hydrothermal pretreatment in order to prepare lignocellulose material for subsequent enzymatic hydrolysis. Some characteristics of the obtained substrate relevant for the forthcoming step such as dry matter, cellulose content and water retention, were determined and presented in Table 1 , together with the characteristics of untreated sugar beet shreds.
Original scientific paper 4 Hydrothermal pretreatment produced a substrate with low dry matter content, i.e. with an exceptional ability to retain water -in comparison to untreated sugar beet shreds, the water retention value was more than three times higher. Almost 40% of dry matter of the hydrothermally treated substrate was cellulose, which represented an increase in the cellulose content by approximately 15%, calculated on the substrate dry matter when compared to untreated material. This substrate enrichment by cellulose can be explained by solubilization and release of water soluble and more accessible components of lignocellulose biomass (16) , represented by hemicellulose and pectin in sugar beet shreds (17) , which in turn led to higher content of water insoluble cellulose in pretreated material.
Enzymatic hydrolysis of the hydrothermally pretreated substrate
The substrate prepared by hydrothermal pretreatment was subjected to the action of commercial preparation of cellulases cocktail from T. reesei, which was supplemented by commercial beta-glucosidase. Solids load in the experiments ranged from 4.5% to 6.5% (w/w), to monitor the effect of enzyme supplementation at expected different concentrations of reducing sugars released by cellulases cocktail, which act as inhibitory compounds. Beta-glucosidase was added to the reaction mixtures at the concentrations of 0.25 U/g or 0.5 U/g, while the enzyme reactions with no supplemental activity were run as control. At the same time, enzymatic hydrolysis of untreated substrate was conducted under the equal conditions to evaluate the effect of hydrothermal pretreatment on the results of enzymes action measured by concentration of released reducing sugars.
The results showed that a 4.5% solids load supplementation of cellulases activities by beta-glucosidase increased concentration of reducing sugars approximately 2.5 times regardless of the applied dosage (Figure 1 ). The concentrations of reducing sugars produced by enzymatic hydrolysis of cellulose from untreated substrate were lower in comparison to those obtained from pretreated substrate, so the effect of beta-glucosidase supplementation existed, but it was not so pronounced.
The sole action of cellulases cocktail at solids load of 5.5% (w/w) produced a higher concentration of reducing sugars in comparison to that produced at 4.5% (w/w), from both treated and untreated substrate (Figure 2 ). The addition of beta-glucosidase contributed to an increase of reducing sugars release because of the synergistic action on cellulose breakdown in both substrates, with a somewhat greater effect observed for the untreated one. However, those increasing effects almost did not differ between the two applied supplemental enzyme dosages and for both treated and untreated substrate. 
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The enzymatic hydrolysis of cellulose from hydrothermally pretreated and untreated materials at the highest investigated substrate content 6.5% (w/w) produced highest concentrations of reducing sugars at different solids load and equal other experimental conditions (Figure 3) . The beneficial effect of the hydrothermal pretreatment resulted in increased concentration of the released reducing sugars, more than 2 times, compared to that produced from the untreated substrate. The addition of beta-glucosidase increased concentration of the released sugars from both substrates in comparison to those without enzymatic supplementation, but the possible effect of two times higher supplemental dosages was not evident. The results showed that the applied pretreatment of sugar beet shreds enhanced the reducing sugars release by enzymatic hydrolysis of cellulose, which may be explained by lignin disruption as well as by enhanced porosity and accessibility of the material and cellulose in the hydrothermal conditions (16) . The increase in the concentrations of reducing sugars was achieved by supplementing fungal cellulases cocktail by beta-glucosidase can be explained by the removal of inhibitory cellobiose by beta-glucosidase since it was suggested that the synergistic cooperation of all enzymes for cellulose degradation is essential (18) . In the investigated range of solids load, which was limited by dry matter content of the pretreated substrate, the supplementation dosage of 0.25 U/g beta-glucosidase appeared to be sufficient to achieve the highest concentration of reducing sugars under applied conditions. It was shown that the investigation of the effect of supplemental enzyme activity on hydrolysis of cellulose from hydrothermally pretreated sugar Original scientific paper 7 beet shreds was justified because of the cost reduction through the decrease in enzyme loading, which should be determined for each particular substrate (19) .
CONCLUSION
The increase in the solids load of hydrothermally pretreated and untreated sugar beet shreds increased the concentration of reducing sugars in the investigated range. The hydrothermal pretreatment was beneficial regarding enhanced production of reducing sugars by enzymatic hydrolysis of cellulose. The addition of beta-glucosidase as supplemental activity increased release of reducing sugars from the substrates and an enzyme dosage of 0.25 U/g was sufficient to achieve this effect under applied conditions. Излужени резанци шећерне репе су претходно обрађени хидротермалним пос-тупком да би се при различитим концентрацијама тако припремљеног супстрата испитао утицај суплементације бета-глукозидазом на ензимску хидролизу целуло-зе. Резултати су показали да је целулоза у хидротермално претретираном супстрату ефикасније хидролизована у односу на ону у нетретираном материјалу, што је до-вело до више од два пута већег ослобађања редукујућих шећера. У испитиваном опсегу концентрација супстрата, суплементација фунгалног коктела целулаза бета-глукозидазом је довела до повећане производње редукујућих шећера а концентра-
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